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~ Four species of Phoradendron were examined for seed-
ling morphology: P. bolleanum subsp. densum (on Juni-
~us), ~· californicum (on Prosopis), ~· juniperinum 
subsp. juniperinum (on Juniperus , ~· villosum subsp. 
2 
villosum (on Quercus). The main species used in the study 
was ~- juniperinum, using the other species for comparison. 
The initial shoot(s) of ~- juniperinum may develop from the 
epicotyl of the developing seedling, from adventitious buds 
which arise from a cushion of tissue, termed the haustorial 
cushion, formed beneath the holdfast, or from both posi-
tions. When shoots arise only from adventitious buds the 
original seedling remains attached in a lateral position, 
often persisting for a number of years, giving the false 
impression of an autoparasite establishing itself near the 
base of the plant. In P. bolleanum and ~- villosum, ini-
tial shoots arise from the epicotyl although adventitious 
shoots may also develop, particularly in ~- bolleanum. In 
contrast, ~- californicum shoots are entirely adventitious 
in origin, and the initial seedling can frequently be seen 
near the center of the cluster of adventitious shoots. 
Cotyledons of all species in the study were found to be per-
sistent and possess a distinctive tip probably resulting 
from the site of attachment to the endosperm. These dis-
tinctive, persistent cotyledons and other clearly identi-
fied morphological features, allow to readily distinguish 
between plumular and adventitious shoots. 
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The mistletoes are a heterogeneous group of parasitic 
flowering plants with a largely pantropic distribution 
(Barlow 1983). Historically they were placed in one large 
family, the Loranthaceae, but as they have been studied in 
more detail, evidence has indicated a greater separation. 
The mistletoes are currently placed in one of three fami-
lies, the Loranthaceae, the Viscaceae, or the 
Eremolepidaceae (Kuijt 1969, Cronquist 1981). Although the 
largest number of genera are found in tropical climates, a 
few genera, mainly in the Viscaceae, have extended their 
range into the North Temperate zone as far as the state of 
Oregon in the contiguous U.S. (Phoradendron) and into 
Canada and Alaska (Arceuthobium) . The majority are 
shrubby, photosynthetic epipyhtes, although a few terrest-
rial forms are known (Fineran and Hocking 1983). All are 
characterized by some form of physiological bridge or inter-
face, the haustorium, with the host vascular system. Most 
of the mistletoes tap only water and mineral nutrients from 
the host system, but a few, including Arceuthobium (Hull 
and Leonard 1964) and Tristerix (Mauseth, Montanegro, and 
Walckowiak 1984) have been shown to obtain photosynthetic 
product through this absorptive organ as well. 
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The family Viscaceae is much smaller than the 
Loranthaceae and more extensively developed in the northern 
hemisphere. The family consists of seven genera. Of 
these, Viscum is endemic to the Old World, and Phoradendron 
and Dendropthera are confined to the New World. The latter 
two have major centers of species richness in tropical 
South America, Central America, Mexico, and the Caribbean 
Islands (Barlow 1983). Kuijt (1969) notes that 
Phoradendron and Dendropthera are entirely sympatric and, 
despite the fact that viscacean genera are usually clearly 
defined groups, the main distinction between these two 
genera lies in the number of locules of the anther. 
Phoradendron, the major focus of this study, is con-
sidered the largest genus in the Viscaceae although the 
number of species is uncertain. Kuijt (1969) feels that 
taxonomists have greatly exaggerated the number of species, 
and Barlow (1983) cites a need for critical taxonomic revi-
sion. The genus is broadly divided into two categories 
based on the presence or absence of scale-like appendages, 
the cataphylls (Wiens 1964). Monographs of the genus 
include those by Trelease (1916) and Wiens (1964) (acata-
phyllous species only). Wiens reports that the acataphyl-
lous species are predominantly northern in distribution and 
all but one of the U.S. species are from this group. None 
occur farther south than Guatemala. Wiens describes the 
flowers as apetalous, unisexual, and so similar in gross 
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morphology that the only difference from species to species 
lies in the number of segments per inflorescence. Since 
morphological reduction of floral characters is consider-
able, the features remaining on which to base distinctions 
between species are limited to such things as leaf size and 
shape, pubescence, and internode width and length. Using 
these criteria in his review of the four sections of acata-
phyllous species, Wiens noted a progressive reductional 
trend of leaf area and internode length from one section to 
another. 
A critical period for all plants, and particularly so 
for parasitic species, occurs during seed dispersal, germin-
ation, and seedling establishment (Lamont 1983). A suit-
able host must be found and the haustorial connection 
quickly established to insure survival. Adaptations seen 
among the viscacean genera, that facilitate effective seed 
dispersal in their unique ecological niche, include berries 
attractive to bird vectors (McKey 1973) and explosive 
fruits that travel up to 17 m to possibly encounter a pros-
pective host (Hawksworth and Wiens 1972). Whatever the dis-
persal mechanism, the embryo and endosperm in nearly all 
species retain a layer of viscin derived from the mesocarp. 
This substance is sticky enough to adhere to a surface, yet 
slippery enough to allow sliding to a possibly advantageous 
position on the host (Kuijt 1969). Another remarkable pro-
perty of viscin is its ability to withstand a number of 
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dryings and wettings while retaining its stickiness but 
gradually losing its slippery properties (Paquet et al. 
1986). The excision of the seed is proposed as the trigger 
for breaking predispersal dormancy. Upon attachment to the 
host surface, germination can be timed to insure optimal 
conditions for efficient growth (Lamont 1983, Salle 1983). 
A chlorophyllous endosperm may assist in respiration and 
photosynthesis during this highly vulnerable period (Harris 
1976). Germination occurs immediately unless unsuitable 
climatic conditions exist, sensed by the photosensitive 
apex of the embryo which usually protrudes beyond the seed 
(Lamont and Perry 1977). Most studies of tropisms in grow-
ing radicles show them to be largely geotropically neutral 
and negatively phototropic (Kuijt 1964, Scharpf 1970). In 
any event, when the radicle contacts the host surface, a 
disc-like holdfast forms, signaling the initial phase of 
seedling establishment. At this point the mistletoe pene-
trates the host epidermis with mechanical force (Scharpf 
and Parmeter 1962) and possibly enzymatic action (Jaramillo 
1975). Entry through the host stomata has also been ob-
served in a highly reduced loranthaceous mistletoe, 
Tristerix aphyllus (Mauseth et al. 1985). Initial penetra-
tion may be countered by host defensive measures such as 
barriers of cork (Jaramillo 1975), and exudates of sap 
(Cowles 1972, 1977). Once penetration is complete the 
endophyte grows and ramifies in the host tissue forming 
vascular contacts. 
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The successful establishment of seedlings is signaled 
by the development of aerial shoots. A great range of 
morphologies are seen among the mistletoe families at this 
time. Kuijt (1982b) has described seedling morphology in a 
number of New World genera of Loranthaceae and 
Eremolepidaceae, illustrating shoot origin and cotyledon 
morphology. It appears that in nearly all cases the ini-
tial shoot develops from the epicotylar pole of the seed-
1 ing axis. Adventitious shoots are not reported to arise 
in the hypocotylar region although epicortical roots do 
develop from the enlarged base of this area in some species 
(Kuijt 1982a). Kuijt (1982b) reported considerable varia-
tion in cotyledon number, morphology and function. Two 
cotyledons are considered normal, but in Psittacanthus spp. 
the number varies from two in some species up to eleven or 
more in others. He uses a number of terms to describe ob-
served variations in seedling morphology: phanerocotyly, 
cotyledons spreading in the usual manner; cryptocotyly, 
cotyledons remaining partially or totally embedded in the 
endosperm; gamocotyly, cotyledons fused along their margin; 
and schizocotyly, cotyledons forked. Kuijt makes the 
statement "All genera in the New World except Tristerix 
have free cotyledons which in virtually all cases spread 
and are photosynthetically active." He cites T. aphyllus 
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as a special case representing the most highly evolved 
condition in the Loranthaceae. The cotyledons show both 
gamocotyly and cryptocotyly, possibly performing an 
absorptive function. This extreme condition necessitates 
shoot formation from the endophyte only, since the epicotyl 
never develops (Mauseth et al 1985). 
The Viscaceae are considered to have relatively uni-
form seedlings (Kuijt 1982b) except the genus Arceuthobium. 
Due to their economic implications, Arceuthobium spp. are 
studied in detail and are considered the most advanced. 
Epicotylar growth is suppressed in favor of endophytic 
establishment (Kuijt 1969), somewhat like that described 
for !· aphyllus. The cotyledons in this instance, however, 
are only rudimentary, and the shoot apex only slightly 
developed (Cohen 1963). Shoots arise adventitiously from 
the endophytic system and may not emerge until two or more 
years after initial infection (Hawksworth and Wiens 1972). 
Among the other viscacean genera it is generally accepted 
that most initial shoot growth is from the epicotylar pole 
of the seedling. Few descriptions of viscacean seedlings 
comparable to Kuijt's treatment of the New World 
Loranthaceae have been written since the early studies of 
Viscum and some Phoradendron spp. Tubeuf 's classic work on 
the Old World genus Viscum (1923) depicts cotyledons in 
photographs and drawings as phanerocotylous and two in 
number. Aerial shoots are shown primarily as arising from 
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the epicotyl, but a few cases are noted in which adventiti-
ous shoots arise from the endophyte when the plumule is 
lost. York's (1909) study of Phoradendron flavescens de-
scribes cotyledons as occasionally remaining embedded in 
the endosperm for a year or more before emerging while the 
shoot grows up between their bases. Other studies by 
Cannon (1904) and Bray (1910) give only scanty details con-
cerning seedling morphology. A more recent work on 
Phoradendron flavescens (Calvin 1966) includes a photograph 
of a seedling showing distinct cotyledons but they are not 
identified. Anatomical studies of the Phoradendron embryo 
show the cotyledons to be more highly developed than in 
Arceuthobium and the shoot apex more clearly defined (com-
pare Cohen 1963, Fig. 3 with Calvin 1966, Fig. 9). The de-
gree of development in the seed, however, does not neces-
sarily indicate the ultimate morphology or fate of the 
seedling after germination. Recognition of the cotyledons 
is one of the primary means to interpret shoot morphology 
(Eames 1961). Kuijt (1982b) points out that an insuffi-
cient data base exists on seedling structure. Major change 
from the usual sequence of seedling growth such as reduc-
tion or suppression of embryonal apical differentiation 
seems to be an evolutionary trend in parasitic flowering 
plants (Teryokhin and Nikiticheva 1982). Furthermore, an 
incomplete understanding of the origin of aerial shoots can 
lead to a misinterpretation of life cycle sequences 
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important to physiological, developmental, and taxonomic 
determinations. Due to this lack of basic information a 
study was undertaken of four species of Phoradendron. Ob-
servations in the field indicate a greater variation exists 
among the species than has generally been reported. 
MATERIAL AND METHODS 
The four species of Phoradenron selected for this 
study were: Phoradendron bolleanum subsp. densum (Torr) 
Wiens, Phoradendron californicum Nutt., Phoradendron 
juniperinum Engelm. ex A. Gray subsp. juniperinum, 
Phoradendron villosum (Nutt.) subsp. villosum. These spec-
ies were chosen because: (1) they were available for coll-
ections of fresh material, (2) their location on the north-
ernmost limit of their ranges best illustrates ecological 
effects, and (3) they represent a trend of reduction cited 
by Wiens (1964). 
Due to the nearness of the site and availability of 
seedlings for collection and observation P. juniperinum re-
ceived primary consideration, and the other species were 
used for comparison. All materials collected were brought 
to the laboratory and examined while fresh under a Zeiss 
dissecting microscope. Some specimens were also preserved 
in formalin-propionic acid-alcohol for further study. 
Fresh portions of ~- juniperinum were dehydrated through an 
alcohol series and critical point dried according to the 
method described in O'Brien and Mccully (1981) for examina-
tion of the cotyledon tips in the scanning electron micro-
scope. Description of gross shoot morphology centered on: 




























































































































































































































































































































































































































































































































































































appearance; origin of aerial shoots, whether epicotylar or 
adventitious; the fate of the plumule, whether it grew or 
failed to develop. 
RESULTS 
In the Bend, Oregon study area fruits of Phoradendron 
juniperinum reach maturity in the early winter. Several 
bird species (Zilka 1973), feeding on mistletoe fruits, 
void seeds in nearby branches including those of the host 
species (Fig. 1). Once attached to host twigs germination 
begins. In ~· juniperinum, pictured in Figs. (1-10), and 
all other Phoradendron spp. examined in this study, the 
radicle is the first structure to emerge from the seed 
(Fig. 1). The specimen shown was collected in mid-May and 
reflects the slow but continuous growth of the green radi-
cular axis. Eventually the radicle tip reaches a penetra-
tion site which is typically, but not always, beneath a 
scale leaf and forms a holdfast (Fig. 2). Throughout this 
stage the cotyledon tips remain embedded within the endo-
sperm which is in turn covered by the sclerophyllous "seed" 
coat (Fig. 2). As development continues, the seedling be-
comes erect, shedding the remnants of the endosperm, and 
the plumule begins to extend (Fig. 3). 
At this early stage of seedling growth striking varia-
tions become evident. In many seedlings an expanded region 
of tissue, here termed the haustorial cushion, develops be-
neath the holdfast raising it above the host surface (Fig. 
4). Of 254 seedlings examined 52 percent developed this 
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cushion. Typically, two to four adventitious buds arise on 
the cushion (Fig. 4), but as many as eleven were observed. 
These buds may remain dormant for a time (Fig. 4) or initi-
ate shoot growth almost as soon as they appear (Fig. 5). 
Seedlings which failed to form a cushion did not develop ad-
ventitious shoots at the initial infection site. However, 
adventitious shoots often form later directly from the endo-
phytic system. The development of shoots from the endophyt-
ic system is a common phenomenon in some viscacean genera 
and has been observed by several workers (Bray 1910, Cannon 
1901, Kuijt 1969, York 1909). 
In approximately 20 percent of specimens studied ad-
ventitious shoots originating from a haustorial cushion 
equalled (Fig. 6) or surpassed plumular shoots in size by 
the time the latter had five extended internodes. Adventi-
tious shoots can be identified by a basal, cup-like struc-
ture, presumably the lowermost leaf pair. Plumular shoots, 
on the other hand, can be distinguished by a visible hold-
fast and cotyledons (Fig. 6). 
Adventitious shoots often appear more vigorous than 
shoots developing from the embryonic shoot apex. This 
vigor may be related to several factors. Frequently ad-
ventitious shoots have a darker green color than the 
plumular shoot, possibly reflecting greater photosynthetic 
capacity. A constriction--not seen in adventitious 
shoots--is often evident in the hypocotyl region 
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immediately above the holdfast (Figs. 4, 5). Additionally, 
extreme curvature of the hypocotyl can occur in this 
region. These features may diminish the quality and 
quantity of the vascular connection. This constriction 
and/or curvature may also represent a weak point, since 
seedlings broken off in this region were observed in the 
field. 
A particularly interesting feature observed in some P. 
juniperinum seedlings is the complete absence of growth 
from the plumular apex. This phenomenon was noted in about 
10 percent of the seedlings examined. In this event, 
growth of the adventitious shoots displaces the original 
seedling to a lateral position near the base of developing 
shoots (Figs. 7, 8, 9). The remnants of the initial seed-
ling are persistent, and have been seen on infections in 
which developing adventitious shoots had ten or more ex-
tended internodes. When first observed these undeveloped 
"basal" seedlings were interpreted to be autoparasites, but 
as a broad range of developmental stages were studied the 
true sequence of events became evident. 
~· juniperinum generally has two cotyledons (Fig. 3) 
although the number ranges from one to three. Usually the 
cotyledons are free and spreading, that is, phanerocotylous 
(Fig. 6), but some are partially or wholly fused along one 
edge. Sometimes the cotyledons are fused to such an extent 
that the demarcation between the individual cotyledons is 
difficult to discern (Fig. 10). The cotyledons display a 
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set of morphological characteristics that distinguishes 
them from subsequent leaf pairs. First, their extreme tips 
(approximately 1 mm) are seen to be pointed and chlorotic 
upon removal of the endosperm. Later the points appear 
brown and withered. Viewed with the scanning electron 
microscope the minute, pointed tip is quite conspicuous 
(Fig. 11). Of interest are the many small trichome-like ex-
tensions protruding from this tip. Closer examination sug-
gests that the extensions are of subepidermal origin (Fig. 
12). Possibly, these extensions served a suctorial func-
tion in relation to removal of nutritional materials from 
the endosperm. In any event, these minute tips are nearly 
always present, and can be seen when cotyledons are ex-
amined closely (Fig. 6), although they are not always dis-
tinct at first glance. Second, the cotyledons join 
smoothly and without interruption with the hypocotyl region 
(Fig. 3), whereas the subsequent scale leaves show a de-
finite line of demarcation at their junction with the stern 
(sl in Figs. 7, 8). When comparing the plumular shoot and 
the adventitious shoot in Figure 6, the difference between 
cotyledons and scale leaves provides an important criterion 
for distinguishing between the two shoot types. Using the 
characteristics described, cotyledons make a reliable in-
dicator of plumular shoots in the field. Although their 










they can still be identified on specimens such as the one 
seen in Figure 10, which has over 20 extended internodes. 
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Phoradendron bolleanum (Figs. 13-18) follows closely 
the sequence of events described for early seedling growth 
of ~· juniperinum. Following germination and holdfast form-
ation, the seedling becomes erect (Fig. 13). A haustorial 
cushion may also form, but not as commonly as in ~- juniper-
inum. Of 121 specimens examined, 37 percent had this struc-
ture. Generally one or two adventitious buds are initiated 
on the cushion, but 90 percent of these had not developed 
into shoots even after seven extended internodes were visi-
ble on the plumular shoot. It was noted, however, that all 
buds produced shoots in the six cases where the original 
seedling had been damaged by insect herbivory or mechanical 
injury. This species produced adventitious shoots primar-
ily from the endophytic system, and large clusters of these 
shoots are found at varying distances from the initial in-
fection site. In no case was original seedling growth 
arrested, as was illustrated for P. juniperinum in Figures 
7-9. 
The cotyledons of P. bolleanum, which are usually two 
or three in number, display the distinct morphological fea-
tures described for ~- juniperinum (Fig. 14). Fusion of 
the cotyledons is common, occurring at their tips (Fig. 
15), along their margins (Fig 16), or a combination of 
these (Fig. 17). In any event, the cotyledons do not 

appear to enlarge very much and remain smaller, although 
somewhat more succulent, than subsequent foliage leaves. 
With continued lateral expansion of the main stem, the 
cotyledons assume a position perpendicular to the stem 
axis, and they persist, even though foliage leaves above 
them are lost (Fig. 18). As in ~· juniperinum, the cot-
yledons are reliable and even more obvious indicators for 
identifying plumular shoots. 
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Seedling development in~· californicum (Figs. 19-20) 
contrasts strikingly with that of P. bolleanum. Upon 
germination the extending radicle, which is distinctly red-
dish in color, forms a holdfast from which the endophyte is 
established. Subsequently, an average of seven, but as 
many as twenty, adventitious buds arise from a thin, flat-
tened haustorial cushion immediately beneath the holdf ast 
(Fig. 19). When a large number of adventitious shoots are 
formed they may be present around the entire periphery of 
the cushion, resulting in shoots radiating outward all 
around the initial infection site (Fig. 20). Regardless of 
bud arrangement, the vast majority develop, resulting in in-
fections having thick clusters of shoots. Adventitious 
shoots may also arise from the endophytic system, 
particularly when the initial infection site is at a node. 
Of particular interest, the original seedling of P. 
californicum was never seen to develop a plumular shoot in 
any of the approximately 50 infections for which the fate 
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of the original seedling could be determined. Instead, the 
original seedling remains as a necrotic-appearing, attenu-
ated stub within the mass of adventitious shoots (as in 
Fig. 20). Although not always readily visible, this struc-
ture clearly identifies the initial site of infection. 
~· californicum typically has two minute cotyledons. 
These cotyledons remain embedded in the endosperm--the 
cryptocotylar condition--and presumably play an important 
role in transfer of nutrients to the developing radicle. 
When seedlings with extending radicles were dissected from 
the endosperm, the upper portion encompassed by endosperm 
was seen to be deep green in color except for the tip, 
which may appear colorless. 
The seedling establishment characteristics of P. 
villosum conform closely to those "typical" of the genus as 
based on reports of other workers. Although seedlings of 
this species were difficult to locate in the field, those 
observed confirm that the plumular shoot develops as the 
main shoot. In none of the seven young seedlings studies 
was a haustorial cushion evident, and in none of the 21 
total specimens examined did adventitious buds and/or 
shoots appear at the initial infection site. Presumably, 
adventitious shoots can develop from the endophytic system, 
but none were observed in the specimens examined. Rather, 
shoots of all ages, when examined closely, were seen to 
have two small, but persistent cotyledons (Fig. 21). 
DISCUSSION 
The first aerial shoot of a Phoradendron seedling has 
generally been regarded as being of plumular origin (Cannon 
1901, Calvin 1966). In the present study the initial 
shoots of P. bolleanum and ~· villosum were entirely plum-
ular in origin, whereas those of P. californicum were en-
tirely adventitious. The initial shoots of ~· juniperinum 
can be either plumular in origin, or, less commonly, arise 
from adventitious buds. These contrasting patterns of 
shoot origin represent a greater diversity than has previ-
ously been recognized. The situation in ~· californicum is 
reminiscent of that seen in Arceuthobium spp. (Cohen 1963, 
Hawksworth and Wiens 1972) and in Tristerix (Loranthaceae) 
(Mauseth et al 1984) where the initial shoot and all suc-
ceeding shoots are adventitious. A major difference in P. 
californicum, however, is that the numerous initial shoots 
are derived from an aerial portion of the seedling. In 
Arceuthobium and Tristerix, on the other hand, the initial 
shoots arise from the endophytic system, and do not appear 
until some time after penetration of the host and disap-
pearance of the entire aerial portion of the seedling. In 
the case of Arceuthobium these shoots do not appear until 
at least two years after infection. 
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In the species studied, excluding ~- villosum, the 
formation of a haustorial cushion is described. This cush-
ion, which is of varying size, arises beneath the holdfast 
and is the site of adventitious bud origin in the develop-
ing seedling. In ~- juniperinum, which has the most pro-
nounced cushion, development of the structure may markedly 
raise the holdfast above the host surface. Although a re-
gion comparable to the haustorial cushion has not been de-
scribed by other workers, York (1909) does note that in P. 
f lavescens "the aerial shoots which are first formed usu-
ally arise from buds, which develop on the attachment disc 
" In the present study adventitious buds were never 
seen to arise on the holdfast (attachment disc). In P. 
californicum the cushion is much less obvious than in P. 
juniperinum, and it may be that the species studied by York 
was of this type and the cushion was more easily over-
looked. 
The cotyledons of the Phoradendron species studied 
vary in both number and morphology. Most seedlings of ~­
juniperinum have two cotyledons, but a few seedlings have 
either one or three. In P. bolleanum either two or three 
cotyledons were observed, whereas in P. villosum all plants 
observed had two cotyledons. Little can be said about 
cotyledon number in P. californicum because the cotyledons 
are minute and largely retained within the endosperm. The 
cotyledons of the species studied vary strikingly in size, 
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with those of P. bolleanum being the largest and most suc-
culent in appearance. The cotyledons of ~· juniperinum and 
P. villosum are intermediate in size and, as mentioned 
above, those of P. californicum are minute. Fusion of coty-
ledons was common, particularly in P. bolleanum. Previous 
workers have paid scant attention to the cotyledons, and 
their observations seem to conflict. Bray (1910), for ex-
ample, states that in ~· flavescens the cotyledons become 
erect and " .•. slowly expand as the first pair of green 
leaves." York (1909), on the other hand, states that the 
cotyledons either wither or become slightly enlarged but 
never were observed to form foliage leaves. Observations 
on cotyledon development in the species utilized in the pre-
sent study tend to parallel those of York (1909). Of inter-
est, it was noted that the cotyledons were persistent and 
remained despite loss of subsequent leaves. Persistent 
cotyledons are considered unusual, and Sporne (1974) cites 
only two cases, both in the family Gesneriaceae. 
Wiens (1964) recognizes four sections within the 
acataphyllous species of Phoradendron, and comments that "a 
progressivte reductional trend occurred from one section to 
another ..• The Calyculatae possess the largest leaves, 
these exceeding those of the Pluriseriales. The Pauci-
florae have still smaller leaves, some being reduced to 
scales. The section Phoradendron, including the single 
species P. californicum, has leaves reduced to scales 
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also." The present study examined species with a range of 
mean leaf sizes and belonging to three of the four sections 
identified by Wiens (Table 1). Evidence from the present 
study reveals that the progressive reductional trend char-
acterizing foliage leaves has not extended to the cot-
yledons. P. bolleanum has cotyledons that are larger than 
those of the closely related ~- juniperinum, and also the 
other species examined. Further, Calvin's (1966) illustra-
tion of ~- flavescens (mean leaf area 929 mm2) indicates 
that the cotyledons of this species are no larger than 
those of ~- juniperinum. 
In Phoradendron increasing production of adventitious 
shoots is also considered to be an advanced trait (Kuijt 
1969) and does correspond to decreased leaf size in the 
species examined. Arceuthobium, universally regarded as 
the most advanced viscacean genus, produces aerial shoots 
only adventitiously, and only from the endophytic system 
(Hawksworth and Wiens 1972, Kuijt 1969). The observations 
concerning seedling origin in ~- juniperinum and ~- califor-
nicum suggest transitional stages towards the evolutionar-
ily advanced state characterizing Arceuthobium. Adapta-
tions of this nature can be considered environmentally 
adaptive as well, allowing the parasite to successfully 
parasitize host species in increasingly harsher climates. 
Teryokhin and Nikiticheva (1982) describe four methods 
by which "the sporophyte of a flowering plant turns to 
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parasitism." The evolutionary modificaiton seen in the 
Phoradendron species examined conform to the "orobanchoid 
form" which is characterized by a morphogenetically active 
radicular pole of the embryo which produces the nutritional 
contact with the host (the haustorium) and an increasingly 
reduced "embryo proper" (the plumule). This identical 
pattern is repeated in the tendencies seen in ~· juniperi-
num, where the plumule may not continue to develop after 
endophytic establishment, and in ~· californicum, where 
plumular growth is almost totally suppressed. 
The observations made in this study have relevance in 
other areas of botany. To illustrate, in a recent publica-
tion concerning mistletoe water use, Schulze and Ehleringer 
(1984) describe the early growth of ~· californicum. It is 
stated: "In the first year, a single 1-to-2 cm-long sprout 
was formed, the seed coat was still visible, and there was 
no inflation on the host branch. In the second year, an in-
flation on the host branch was visible and the sprout 
showed initial secondary branching." Indications are, how-
ever, that this could not have been the sequence of events 
since all aerial shoots examined in the present study were 
adventitious in origin and the plumule itself failed to 
grow. This apparent misinterpretation could possibly have 
some bearing on the results reported. An accurate under-
standing of seedling morphology is required to interpret 
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life cycles, thus definitive information of this aspect is 
valuable. 
The results of this study presents a number of areas 
for future investigation. Obviously the seedling morphol-
ogy of a broader range of species in the genus 
Phoradendron, including cataphyllous members, needs descrip-
tion. Other interesting aspects for further study include 
1) an anatomical, cytological, and histochemical study of 
shoot apex suppression; 2) physiological studies related to 
adventitious bud formation; and, 3) an in-depth study of 
cotyledon structure and morphology. All of these investiga-
tions would clearly provide pertinent data important to a 
fuller understanding of the mistletoes. 
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